The extent of increase in the convection heat transfer of MgO/water nanofluid was investigated at low concentrations within the range of 0.02 to 0.12 % vol, under turbulent flow and within the Reynolds number range of 11,000 to 49,000. It was found that at about 12 %, the heat transfer coefficient was increased compared with the base fluid, where on average, around 6 % increase was observed within the entire concentration range and the investigated Reynolds number. The aggregate effect of particles was examined in predicting the models for the determination of the physical properties of thermal conductivity and viscosity. It was observed that fractal models enjoy a greater accuracy when compared with other models. In addition, a model was proposed to predict the local heat transfer coefficient, in which the aggregate effect of nanoparticles was also investigated. It was observed that the relative average deviation of the proposed model is around 2.5 %, when compared with experimental values.
INTRODUCTION
In recent decades, the issue of saving energy has become a mainstream interest for researchers considering economic and environmental aspects. The new technology of applying nanofluid compounds in heat transfer instruments has culminated in development of a new branch of research in the area of heat transfer. The common objective of all researchers who are active in the area of application of nanofluids in heat transfer is to improve heat transfer, efficiency, and enhance the performance of heat devices. These results in both energy-saving and smallness of devices, thereby decreasing the cost of materials and development of devices. Application of nanofluids as a heat exchanger fluid in heat exchange devices has attracted lot of attention over the last two decades.
Choi et al [1] first propounded application of particles suspended in base fluid in order to improve the rate of heat transfer. Thereafter, many attempts have been carried out to better understand the changes in the convection heat transfer coefficient in heat exchangers. Research results have revealed that the heat transfer coefficient of nanofluids at low volumetric concentrations is greater than in base fluid, while the changes in friction coefficient and viscosity of the nanofluid are relatively low and trivial. Hence, the application of low concentrations of nanoparticles in the base fluid became the agenda of researchers. On the other hand, a number of researchers began to determine the equations for predicting convection heat transfer coefficient [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
The important point in predicting the equations of convection heat transfer coefficient was selecting the suitable relations for determining the physical properties of nanofluids especially thermal conductivity and viscosity. The greater the accuracy of relations in predicting the physical properties of nanofluid, the lesser the error in the values obtained from the equations of convection heat transfer coefficient.
Duangthongsuk & Wongwise [12] determined common equations utilized in a large number of researches to determine the physical properties of nanofluids. Motevasel et al [13] demonstrated that with the increase in the concentration, the values calculated for conductivity grew in difference with the common models. Hence, the variety in application of these equations at high concentrations will result in difference between the values of calculated heat transfer coefficient. However, at low concentrations, the difference between the calculated values is trivial and the responses are almost similar. Moreover, in any case, even at low concentrations, the values calculated by conventional models are different with real and experimental values. Xuan and Li [14] stated particles aggregation as one of the important factors in the difference between the real and calculated values.
In calculating the physical properties of nanofluids, conductivity and viscosity alongside the prediction of heat transfer equations, researchers choose and investigate models assuming that the mean diameter of particles in solution or particle state same as in powder state, although due to the presence of Van der Waals force, the particles tend to aggregate [15] and this effect has not been examined in equations utilized in determining physical properties as well as in heat transfer coefficient equations. The aim of this research is to examine the effect of nanoparticles aggregation and select a suitable equation for determining physical properties by considering this effect. In addition, in heat transfer models, nanoparticles aggregation can also influence some transfer mechanisms investigated in this research and consider the model presented for determining the heat transfer coefficient. Therefore, overall in the predicted heat transfer model, the effect of aggregation on conductivity and viscosity, important physical properties of nanofluids, has been investigated in predicting heat transfer coefficient. In carrying out this research, a set of heat transfer devices, operating in the form of a closed cycle, was utilized for measuring the convection heat transfer coefficient experimentally under constant heat flux conditions. Distilled water was utilized as the base fluid and magnesium oxide nanoparticles, which have been understudied so far [16] [17] [18] , were used for the preparation of nanofluid within the volume concentration of 0.02 to 0.12 % and for five different concentrations along with 16 different rates within the turbulent flow range and approximate Reynolds number in the range of 11,000-49,000. To experimentally measure the physical properties of the nanofluid, appropriate measurement devices were utilized. To determine the bulking degree alongside the size and distribution of aggregates, dynamic light scattering (DLS) device was used.
EXPERIMENTAL FRAMEWORK

Materials
The nanoparticles utilized in this research were magnesium oxide made by US Nano Co. The specifications of the mentioned nanoparticles include: mean diameter of particles of 20 nm, thermal conductivity of 48 W.m -1 .K -1 , heat capacity of 880 J.kg-1.K -1 , and density of 3580 kg.m -3 .
Sample preparation
The concentrations utilized in this research ranged from 0.02 to 0.12 % volumetric concentrations. To prepare the nanofluid, distilled water was utilized. After weighing the required samples with a certain volume concentration by a balance (ABI 100_5m_kern Corp.) with maximum error of 0.5 %, it was mixed in a certain volume of distilled water by a magnetic stirrer for 1 h. Thereafter, it was subjected to an ultrasonic device (UIP500, Hielsher Co.) for 12 h and no sedimentation was observed after two days. In addition, before performing the tests of measuring viscosity, conductivity, and DLS, each sample was re-exposed to ultrasonic device (UIP200HD) for 30 min. To measure the viscosity of nanofluid, (Capillary viscometer, canon-fenske opaque reverse flow) was utilized. The measurement error was about 0.5 %. To measure the thermal conductivity of the nanofluid, KD2 pro thermal analyzer device (Decagon Devices Co.) with an error of about 0.5 % was employed within the temperature range of 5-40 C. To measure the viscosity and thermal conductivity, for each sample, three tests were performed and were considered in the calculations based on the mean values. In addition, DLS device (Malvern, ZEN3600) was used for measuring the size of the aggregate, the volume, and distribution of the number of aggregates in terms of the radius of aggregates. The experiments were carried out at 300 K.
Heat transfer setup
To measure the heat transfer coefficient, a set of heat exchange devices, whose schema is illustrated in Figure 1 was utilized. This set has been totally made out of stainless steel and acts in the form of a closed cycle. This cycle includes heating sections, quarreling sections, along with measurement and control devices. The nanofluid flows in the closed cycle that consists of sections of temperature control, fluid storage tank, the main line of the flow, flow rate measurement device, pump, control valves, and the heat transfer experiment section. A heating system surrounds the pipe of the test section spirally, and the heat transfer section is fed by a DC electricity source with a maximum power of 1000 W. In order to prevent heat exchange with the environment, the heating section was covered by an insulation of glass wool with a thickness of 20 mm. Four thin thermocouples were installed at sites device onto the pipes and very close to the wall. These thermocouples were utilized for measuring the internal temperature on the wall of the pipe and were of K-Type. These thermocouples were already calibrated based on the thickness of 0.4 mm off the internal surface of the pipe, thus the wall's temperature will fall in relation to the value read by the thermocouples. Considering this drop, the temperature of the wall was read by the Eq(1).
The mean value read by the three thermocouples is utilized for calculating heat transfer coefficient, where the fourth thermocouple is connected to a heat control system in order to stop excessive growth of temperature in the test section. Two other thermocouples were also used in the input and output section of the flow to the test section in order to measure the input and output temperature of the fluid. Thermocouples were calibrated by a thermostat-equipped bath, where the measurement was performed with an accuracy of ±0.01 %. The length of the heating section was 160 mm and the thermocouples were installed 95 mm off the beginning of the heating section. To measure the velocity, ABBKENT device (2600T) was utilized to measure the volume flow rate.
Heat transfer coefficient measurement
To measure the heat transfer coefficient first, distilled water was poured into the storage tank. Next, it was rotated by a pump in the system complex. After about 50-60 min, the system finds a steady-state. All measurements were performed under steady conditions. During the experiment, the temperature of the output and input fluid to the test section, and the wall's temperature were measured by the insitu three thermocouples (95 mm off) and the volume flow rate. The flow rate was adjusted by a valve in the reverse flow. The experiment was performed in 16 different rates and for each point the experiment was replicated at least two times. Following the experiment for distilled water, the experiment was also performed for magnesium oxide nanoparticles at five different concentrations and 16 different rates, with two replications for each point. The local heat transfer coefficient was experimentally measure at this site of connection of thermocouples.
Energy balance between the energy introduced into the heat transfer section and the energy absorbed by the fluid of Eqs. (2) and (3) along with the local heat transfer coefficient.
.
The difference between the energy obtained from Eqs. (2) and (3) is less than ±2.5 %, where temperature loss to the air was neglected. To experimentally calculate the local heat transfer coefficient, Eq. (4) was utilized, and to calculate the heat flux injected to the test section Eq. (5) and for determine experimental Nusselt number, Eq. (6) was used.
In these equations,  q is the heat flux injected to the test section.
T w and
T b
are the mean value of the wall's temperature and the mean value of the temperature of fluid bulk within a distance of X within the direction of horizontal axis from the point where the heat enters the pipe, respectively.
D is the pipe's diameter, L is the pipe's length, and k is the thermal conductivity of the nanofluid. The mean temperature of the fluid bulk at the point with a distance of X from the heat entrance section can be obtained by the following equation, considering the constant heat flux and assumption of linearity of the changes in the fluid temperature.
where, T bin is the temperature of the fluid bulk in the input, C p is the heat capacity,  is the fluid density, S is the environment, and A is the cross-section area of the pipe of the test section, and u denotes the mean velocity of the fluid which changes as follows, considering the experimental conditions of Eq. (7), thus Eq. (8) was obtained.
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REQUIRED CORRELATIONS SELECTION
Nanofluid thermal properties
To determine physical properties contain the heat capacity and density of nanofluids, Xuan and Roetzel [19] and Pak and Cho [2] models respectively were used. Viscosity is an important physical property of nanofluids whose reduction results in decreased pumping cost. However, typically with the addition of nanoparticles to the base fluid, the viscosity grows, yet in contrast, the heat conductivity increases there by developing heat. Notwithstanding, there are factors influencing the viscosity of nanofluids including the concentration of nanoparticles, the type, size, shape, and type of the base fluid, not to mention the fact that temperature also affects its value. Considering the previous studies [12] , the principal equations in experimental and analytical models include three major models: Einsteins [20] , Brinkman [21] and Wang et al [22] . These models have been utilized in the majority of studies in recent years as the equation for determining the viscosity of nanofluids and predicting heat transfer models without considering the aggregate effects.
In determining the viscosity by considering the aggregate effect of particles, the model used by many researchers has been the fractal model [23] [24] [25] [26] [27] [28] [29] , while in this research, the fractal model was compared with conventional models without considering the aggregate effect.
According to earlier studies [12] , several conventional models have been utilized for calculating the heat conductivity of nanofluids without considering the aggregate effect of particles in most of the studies. Based on studies carried out by previous researchers [13] , at low concentrations, the results obtained are similar to each other, and match with the Maxwell [30] model.
The conventional methods that consider the aggregate effect in consideration are three major models: Xuan and Li. model [31] , fractal model [32] [33] [34] [35] [36] and modified fractal model (fractal and nanolayer) [28, [37] [38] [39] [40] . The accuracy of these models will also be specified and eventually the one with the greatest accuracy will be chosen. In carrying out the experiment and collecting data, the following conditions were taken into consideration: a) Constant heat flux of 500 W was applied. b) Each test of heat transfer for each point was replicated at least two times and for determining the physical properties as well as the DLS test, it was replicated three times.
c) The mean temperature of the nanofluid bulk in the experiments were around 300 K.
d) The parameters measured in the heat transfer device included the volume flow rate of the nanofluid, the fluid temperature in the input and output in the measurement section, and the wall's temperature in the measurement section.
Heat transfer coefficient correlation for distilled water
The device used and the operational conditions of the heat transfer mechanism developed can be regarded as the basis of the proposed model in this research considering the effect of input entry, three main equations of Hausen [41] , Gnielinski [42] , and Tam and Ghajar Eq. [43] .
By conducting the experiment for pure water and comparing it with the values obtained from the three proposed equations, the equation with the lowest error value was chosen as the basis and the proposed model was selected based on the previous studies [44] [45] .
RESULTS AND DISCUSSION
Prediction of heat transfer coefficient of the nanofluid
The deviation between experimental and calculated is presented using the relative absolute average deviation (RAAD) exp.
. 100 % exp.
where P represents heat transfer coefficient or Nusselt number and N is the number of experimental data points. Since the RAAD of Gnilienski model for pure water has been around 5 % in this research and is more than 20 % in other models, thus we based our model on Gnilienski model. 
Viscosity
Based on the equations presented for determining the viscosity of data fluids, in the aggregation state, the mean hydrodynamic diameter of MgO nanoparticles in the aggregate states needed per different volume concentrations by DLS device is presented in Table 1 . all of the Reynolds numbers in relation to the base fluid was 6 %. Based on the proposed model, in Figure. 10, the dimensionless thickness of the laminar sublayer was obtained by having experimental data and considering the physical properties based on the equations without considering the aggregate effect (Wang et al model for viscosity and M.G. model for thermal conductivity) in terms of concentration. It was also observed that with the increase in the concentration, the thickness of the dimensionless sublayer declines and heat transfer also grows because of the increase in Brownian diffusion that can be explained mainly with a reduction of viscosity within consequent thinning of the laminar sub-layer. The obtained results were also similar to Buongiorno. [45] Figure. 11 indicates the dimensionless thickness of the laminar sublayer with experimental data and considering the physical properties based on the questions considering the aggregate effect (fractal model for viscosity and thermal conductivity) in terms of the concentration. It was observed that as the concentration increases, dimensionless layer thickness diminishes, where heat transfer also increases, as with the previous state. Figure. 12 compares the dimensionless thickness of the laminar sublayer in the aggregate and particle states. It can be seen that its value is lower in the particle state, suggesting that aggregation of particles can result in reduced heat transfer. In other words, the Brownian diffusion is lower in the aggregate state than in particle state (no aggregation), leading to diminished the average nanoparticle For instance, in Figures. 13 and 14 , the changes in the Nusselt number in relation to the Reynolds number were compared at concentrations of 0.12 % of the MgO nanoparticle in the model state with and without considering the aggregate effect, Gnileinski model, and experimental values. In addition, in Figure. Note that in the models that neglect the aggregate effect, the conductivity of nanofluid was obtained by M.G. model and the viscosity was calculated by Wang et al model. To calculate the dimensionless thickness of the laminar sublayer, the mean diameter of nanoparticles in the particle state was used. In the models that consider the aggregate effect, to determine the nanofluids conductivity and viscosity, the fractal model was used. To calculate the dimensionless thickness of the laminar sublayer, the mean diameter of the aggregates in the bulking state was used. Table 2 shows the comparison of the RAAD of the models in relation to the experimental value within the range of applied Reynolds number along with the utilized concentrations. It was observed that with the increase in concentration, the RAAD in Gnileinski model increases as well. In addition, the RAAD of models in the state of aggregation and lack of aggregation is almost similar, where the RAAD of Gnileinski equation is about three times that of other models. 
CONCLUSIONS
The following conclusion has been drawn from the present study:
1. The addition of MgO nanoparticles to the base fluid of water even at low concentrations (0.02-0.12 %) within the Reynolds number range of 11,000-49,000 results in increased heat transfer coefficient up to 12 and 6 % on average.
2. In calculating the conductivity and viscosity of the MgO/water nanofluid, considering the aggregate effects, fractal models present the best responses in relation to the experimental values.
3. In calculating the conductivity and viscosity of the MgO/water nanofluid, without considering the aggregate effects, Wang et al model present the best responses in relation to the experimental values.
4. The proposed model had a RAAD of about 2.5 % in relation to the experimental values in both the aggregation and lack of aggregation states, and the aggregate effect is negligible in this concentration range.
5. The RAAD of Gnileinski model is 2-4 times and 3 times on average greater than the RAAD of the proposed model within the experimented concentration range and Reynolds number range.
6. The thickness of the dimensionless laminar sublayer, considering the aggregate effects, is greater than the thickness of the dimensionless laminar sublayer without considering the aggregate effect due to reduction in the Brownian diffusion. Therefore, it is predicted that aggregation can result in reduced heat transfer in nanofluids.
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